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MEMORY SYSTEM, ELECTRIC DEVICE,
AND INFORMATION PROCESSING DEVICE

CROSSREFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from the U.S. provisional Patent Application No.

62/216,801, filed on Sep. 10, 2015; the entire contents of
which are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a
memory system, an electric device, and an nformation
processing device.

BACKGROUND

In recent years, an information processing device has been
disclosed which includes an electric device, such as a host,
having a processor and a memory system having a memory
from/to which data is read or written by the electric device.
In addition, a technique known as a unified memory has
been disclosed, in which a memory system uses a portion of
a main memory of an electric device. The memory system
mitializes a part of the area of the main memory of the
clectric device, 11 necessary.

In such a technique, the memory system transmits 1nitial-
ization data to be written 1 order to initialize the main
memory. Therefore, a large amount of data needs to be
transmitted for mitialization.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a diagram 1llustrating an example of the structure
of an information processing device according to an embodi-
ment;

FIG. 2 1s a diagram 1illustrating the memory structure of a
device-used area;

FIG. 3 1s a block diagram 1llustrating the structures of an
initialization instructor and an initializer;

FIG. 4 1s a diagram 1llustrating a main memory 1nitial-
1zation process;

FIG. 5 1s a flowchart of an mtialization process by the
initializer:

FIG. 6 1s a block diagram 1llustrating the structure of the
initializer:

FI1G. 7 1llustrates an example of an mitialization command
for imtialization using 1mitialization data in which constants
are consecutive;

FIG. 8 1llustrates an example of the iitialization com-
mand for mnitialization using nitialization data 1n which the
same 1nitial pattern 1s repeated;

FIG. 9 illustrates an example of the initialization com-
mand for mnitialization using initialization data including a
value obtained by incrementing the initial pattern;

FIG. 10 1llustrates an example of the imitialization com-
mand for mitialization using initialization data including a
value obtained by adding an addition value to the initial
pattern;

FIG. 11 1llustrates an example of the mitialization com-
mand for mitialization using initialization data including a
value obtained by shifting a value 1n the mnitial pattern;

FIG. 12 illustrates an example of the mitialization com-
mand for mitialization using initialization data including a
value obtained by performing an operation on the nitial
pattern by an algorithm; and
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FIG. 13 illustrates an example of the 1mitialization com-
mand for mitialization using initialization data including a
value obtained by repeating a plurality of repetitive patterns.

DETAILED DESCRIPTION

According to an embodiment, a memory system including
a memory and a command generator 1s provided. The
memory 1s connected to a host including a main memory and
a processor connected to the main memory. The command
generator generates an initialization command and transmits
the 1mitialization command to the host. The mitialization
command represents a command for instructing the 1nitial-
ization of the main memory and indicating an initialization
method for the main memory.

Heremaiter, a memory system, an electric device, and an
information processing device according to an embodiment
will be described 1n detail with reference to the drawings. In
the following description, components having substantially
the same functions and structures are denoted by the same
reference numerals. In addition, each of the following
embodiments will 1llustrate a device or a method {for
embodying the technical idea of the embodiment and the
technical 1dea of the embodiment should not be limited to,
for example, the materials, shapes, structures, and arrange-
ments of the components described below. Various modifi-
cations and changes 1n the technical 1dea of the embodiment
can be made without departing from the scope of the claims.

Embodiment

FIG. 1 1s a diagram 1illustrating an example of the structure
of an information processing device according to an embodi-
ment. The information processing device according to the
embodiment 1nitializes an arbitrary area of a main memory
100 as a umified memory (UM) of a host 1, in response to an
instruction from a memory system 2, for example, 1 a
umversal flash storage (UFS) unified memory extension
(UME). In this way, the information processing device
initializes the area with high efliciency while reducing the
amount of data transmitted. Herein, the initialization of the
main memory 100 refers to, for example, a processing for
making an area of the main memory 100 available so as to
write new data to the main memory by writing later-
described mmitialization data to the area in question. The
information processing device includes the host 1 and the
memory system 2 which functions as an external storage
device of the host 1. The host 1 and the memory system 2
are connected via a commumnication path 3.

The information processing device 1s, for example, a
personal computer, a mobile phone, or an 1imaging device.
The memory system 2 and the communication path 3 can
comply with arbitrary standards. For example, the memory
system 2 1s a flash memory based on a UFS standard. For
example, mobile 1industry processor interface (MIPI)
M-PHY 1s adopted as the communication standard of the
communication path 3.

The memory system 2 includes a NAND flash memory
(NAND memory) 210 which i1s a non-volatile memory and
a device controller 200 which performs data transfer
between the NAND memory 210 and the host 1. Various
types of non-volatile memories other than the NAND flash
memory can be used for the memory system 2. For example,
a magnetoresistive random access memory (MRAM) or a
resistance random access memory (ReRAM) can be used.

The NAND memory 210 includes one or more memory
chips each having a memory cell array. The memory cell
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array includes a plurality of memory cells arranged 1n a
matrix. Each memory cell array includes a plurality of
blocks. Each block 1s the unit of data erasing. In addition,
cach block includes a plurality of pages. Each page 1s the
unit ol data write and read. The NAND memory 210 1s
connected to the host 1 through the device controller 200.

The NAND memory 210 stores an L2P table 211 and user
data 212 which 1s transmitted from the host 1. The user data
212 1includes, for example, an operating system program
(OS) which provides an execution environment of the host
1, a user program executed by the host 1 on the OS, or data
input and output by the OS or the user program.

The L2P table 211 is one 1tem of management information
required for the memory system 2 to function as the external
storage device of the host 1. The L2P table 211 1s address
conversion mformation representing a logical block address
(LBA) used by the host 1 to access the memory system 2 and
a physical address (a block address+a page address+a stor-
age position 1n a page) in the NAND memory 210 associated
with each other. A portion of the L2P table 211 1s temporarily
stored, that 1s, cached 1n an L.2P cache area 300 which will
be described below. Hereinafter, the LL2P table 211 stored 1n
the NAND memory 210 1s referred to as an L2P main table
211 so as to be distinguished from content cached in the L2P
cache area 300.

The device controller 200 includes a host connection
adapter 201 as a connection 1nterface with the communica-
tion path 3, a NAND connection adapter 204 as a connection
interface with the NAND memory 210, a device controller
main unit 202 which controls the device controller 200, a
RAM 203, and an initialization instructor 207.

The RAM 203 1s used as a buller for data transier between
the NAND memory 210 and the host 1. In addition, the
RAM 203 1s a command queue which queues commands
received from the host 1. Each command from the host 1
includes unique 1dentification information. When a plurality
of commands are transmitted and received between the host
1 and the memory system 2, each of the commands 1s
specified by 1dentification information.

The device controller main unit 202 controls data transier
between the host 1 and the RAM 203 through the host
connection adapter 201 and controls data transfer between
the RAM 203 and the NAND memory 210 through the
NAND connection adapter 204. The device controller main
unit 202 functions as a bus master 1n the communication
path 3 to the host 1 and performs data transier via a first port
230. In addition, the device controller main unit 202 further
includes two bus masters 205 and 206. The bus master 205
can transier data to the host 1 via a second port 231 and the
bus master 206 can transier data to the host 1 via a third port
232.

The device controller main unit 202 1s, for example, a
microcomputer unit including a processor and a storage
device. The processor executes firmware pre-stored in the
storage device to implement the functions of the device
controller main unit 202. In addition, the device controller
main unit 202 can include an ASIC.

The 1nitialization instructor 207 1nstructs the 1nitialization
of the main memory 100. An example of the area of the main
memory 100 to be initialized 1s a device-used area 102
which will be described below. For example, the initializa-
tion nstructor 207 generates an mnitialization command and
transmits the initialization command to a host controller
120. The mitialization instructor 207 1s connected to the
NAND memory 210 through the NAND connection adapter
204. In addition, the imitialization instructor 207 1s con-
nected to the host connection adapter 201 through a fourth
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port 233. The imtialization instructor 207 1s connected to the
host 1 through the host connection adapter 201 and the
communication path 3. The mnitialization instructor 207 can
be provided in the device controller main unit 202.

The host 1 includes a CPU 110 that executes the OS and
the user program, the main memory 100, and the host
controller 120. The CPU 110 1s an example of the processor.
The main memory 100, the CPU 110, and the host controller
120 are connected to each other by a bus 140.

The main memory 100 includes, for example, a DRAM.
For example, a magnetoresistive random access memory
(MRAM) or a ferroelectric random access memory (Fe-
RAM) can be used as the main memory 100. The main
memory 100 includes a host-used area 101 (second memory
area) and a device-used area 102 (first memory area). The
host-used area 101 1s used as a program development area by
the host 1 to execute a program (the OS and the user
program) and a work area which 1s used by the host 1 to
execute the program developed 1n the program development
area. The device-used area 102 1s a memory area used by the
memory system 2. The device-used area 102 1s used as an
area that stores, for example, the L2P cache area 300, an L2P
cache tag area 310, a data cache area 400, and a data cache
tag area 410, which will be described below. For example,
the device-used area 102 1s allocated to a fixed memory area
of the main memory 100.

FIG. 2 1s a diagram 1illustrating the memory structure of
the device-used area 102. As illustrated in FIG. 2, the LL2P
cache area 300, the L2P cache tag area 310, the data cache
area 400, and the data cache tag area 410 are ensured in the
device-used area 102. A portion of the L2P main table 21
1s cached 1n the L2P cache area 300. The L2P cache tag area
310 stores tag information used to determine hit or miss of
the L2P cache area 300. The data cache areca 400 1s a
memory area with a cache structure in which user data 212
1s bullered. The data cache tag area 410 stores information
used to determine hit or miss of the data cache area 400. The
L.2P cache tag area 310 and the data cache tag area 410
contain control information including a valid buffer (VB) bat
and a dirty builer (DB) bit. The VB bit indicates whether a
cache line 1s valid. The DB bit indicates whether the cache
line 1s dirty or clean.

Returning to FI1G. 1, the host controller 120 includes a bus
adapter 121, a device connection adapter 126, and a host
controller main umt 122. The bus adapter 121 1s a connec-
tion interface with the bus 140. The device connection
adapter 126 1s a connection interface with the communica-
tion path 3. The host controller main unit 122 is connected
to the device connection adapter 126 through a first port 130.
The host controller main unit 122 can transmit data or
commands to the main memory 100 or the CPU 110 through
the bus adapter 121 or can transmit data to the memory
system 2 through the device connection adapter 126 and the
first port 130.

In addition, the host controller 120 includes a main
memory direct memory access (DMA) 123, a control DMA
124, and a data DMA 125. The main memory DMA 123
performs DMA transier between the host-used area 101 and
the device-used area 102. The control DMA 124 1s con-
nected to the device connection adapter 126 through a
second port 131. The control DMA 124 captures a command
transmitted from the memory system 2 and transfers the
command to the host controller main unit 122 or the main
memory DMA 123, or the host controller main unit 122
transiers status information on the device-used area 102 to
the memory system 2. The data DMA 125 1s connected to the
device connection adapter 126 through a third port 132. The
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data DMA 125 performs DMA transier between the device-
used area 102 and the memory system 2.

The host controller 120 further includes an initializer 127.
When receiving an imitialization command from the iaitial-
1zation 1nstructor 207, the mmitializer 127 1mnitializes the main
memory 100. The mitializer 127 1s connected to the main

memory 100 through the bus adapter 121 and the bus 140.
In addition, the mitializer 127 1s connected to the device
connection adapter 126 through a fourth port 133. The
mitializer 127 1s connected to the memory system 2 through
the device connection adapter 126 and the communication
path 3. However, the imitializer 127 can be provided in any

one of the host controller main unit 122, the main memory
DMA 123, the control DMA 124, and the data DMA 125.

The first port 130, the second port 131, the third port 132,
and the fourth port 133 are associated with the first port 230,
the second port 231, the third port 232, and the fourth port
233, respectively, by the functions of the device connection
adapter 126 and the host connection adapter 201. Specifi-
cally, the host connection adapter 201 transmits content
transmitted to the memory system 2 through the first port
130 to the device controller main unit 202 through the first
port 230, transmits content transmitted to the memory sys-
tem 2 through the second port 131 to the device controller
main unit 202 through the second port 231, transmits content
transmitted to the memory system 2 through the third port
132 to the device controller main unit 202 through the third
port 232, and transmits content transmitted to the memory
system 2 through the fourth port 133 to the imtialization
instructor 207 through the fourth port 233. In addition, the
device connection adapter 126 transmits content transmaitted
to the host 1 through the first port 230 to the controller main
unit 122 through the first port 130, transmits content trans-
mitted to the host 1 through the second port 231 to the
control DMA 124 through the second port 131, transmits
content transmitted to the host 1 through the third port 232
to the data DMA 125 through the third port 132, and
transmits content transmaitted to the host 1 through the fourth
port 233 to the mitializer 127 through the fourth port 133.
The content transmitted to the control DMA 124 and the data
DMA 125 1s transmitted to the host controller main unit 122
through, for example, the bus adapter 121.

Each of the first to fourth ports 130 to 133 independently
has an 1mput/output buller used for communication with the
memory system 2. The host controller main unit 122, the
control DMA 124, the data DMA 125, and the initializer 127
are connected to the memory system 2 via their respective
input/output bullers. Therefore, the host controller 120 can
independently communicate with the memory system 2 via
the host controller main unit 122, the control DMA 124, the
data DMA 125, and the mitializer 127. In addition, the host
controller 120 1s able to switch the above communication
without replacing the mnput/output butlers, and thus to switch
the communication at a high speed. This holds true for the
first to fourth ports 230 to 233 of the memory system 2. In
a structure i1n which the iitialization instructor 207 1s
provided in the device controller main unit 202, the 1nitial-
1zation 1nstructor 207 can be connected to the host connec-
tion adapter 201 through any one of the first to third ports
230 to 232 and the fourth port 233 may be omissible.
Similarly, when the mitializer 127 1s provided in any one of
the host controller main unit 122, the main memory DMA
123, the control DMA 124, and the data DMA 125, the
initializer 127 can communicate with the device connection
adapter via the first to third ports 130 to 132 connected with
theirr modules and the fourth port 133 may be omissible.

10

15

20

25

30

35

40

45

50

55

60

65

6

The CPU 110 can generate user data 1n the host-used area
101, controlled by the program 1n execution. When the CPU
110 1ssues a write command, the device controller main unit
202 recerves the write command and instructs the copy of
the user data to be written from the host-used area 101 to the
data cache area 400 of the device-used area 102. That 1s, the
user data to be written 1s stored in the data cache area 400.
The user data to be written 1s transferred from the data cache
area 400 to the memory system 2 at a certain timing and s
then stored as the user data 212 in a non-volatile memory of
the NAND memory 210. The operation for transierring the
user data from the data cache area 400 to the NAND
memory 210 1s referred to as a write-back operation.

In addition, the CPU 110 can read the user data required
by the program 1n execution to the host-used area 101. When
reading the user data, the CPU 110 1ssues a read command
(first read command) to read the user data 212 to the
host-used area 101. At the instance at which the first read
command 1s 1ssued, the user data to be read may be stored
or may not be stored in the data cache area 400. In the first
embodiment, when the user data to be read i1s stored 1n the
data cache area 400, the user data to be read 1s stored from
the data cache area 400 to the host-used area 101 by an
instruction from the device controller main unit 202. When
the user data to be read 1s not stored 1n the data cache area
400, the user data stored in the NAND memory 210 is
transierred to the host-used area 101 for storage.

The operation from the 1ssuance of the write command by
the CPU 110 to storing the user data in the data cache area
400 or the NAND memory 210 1s referred to as a write
operation. The operation from the 1ssuance of the first read
command by the CPU 110 to storing the user data to be read
in the host-used area 101 1s referred to as a read operation.

A part or all of the structures of the host controller 120 and
the device controller 200 may be implemented by hardware
such as a circuit or the function of a processor such as a
hardware processor having a loaded program.

FIG. 3 1s a block diagram illustrating the structures of the
initialization instructor 207 and the initializer 127. In FIG. 3,
the eclements between the imitializer 127 and the main
memory 100 are omitted. In addition, the elements between
the 1nitialization instructor 207 and the mitializer 127 and
the elements between the 1nitialization instructor 207 and the
NAND memory 210 are also omitted.

As 1llustrated 1n FIG. 3, the mitialization instructor 207
includes a command generator 500 and a response inter-
preter 502. A part or all of the structures of the command
generator 500 and the response interpreter 502 may be
implemented by hardware such as a circuit or the function of
a processor such as a hardware processor having a loaded
program.

The command generator 500 generates an initialization
command to 1nitialize the main memory 100. An example of
the area of the main memory 100 to be imtialized 1s the
device-used area 102 which 1s also a working area. The
initialization command 1ndicates an 1imitialization method for
the main memory 100. For example, the command generator
500 can determine an 1nmitialization method using 1nitializa-
tion data selected from 1nitialization data 1tems, according to
an intended use of the area to be mitialized 1n the main
memory 100. For example, to use the area to be 1nitialized
in the main memory 100 as a cache tag and initialize at least
a valid-bit area, the command generator 500 determines an
initialization method using initialization data having all “0”.
The command generator 500 transmits the generated 1mitial-
ization command to a command interpreter 510 of the
initializer 127 which will be described below.
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The response interpreter 502 receives a response from a
response generator 516 of the mnitializer 127 which will be
described below. The response interpreter 502 interprets the
received response to determine a success or failure of the
initialization of the main memory 100.

The mitializer 127 includes the command interpreter 510,
an 1nitialization data generator 512, a DMA controller 514,
and the response generator 516. A part or all of the structures
of the command interpreter 510, the immitialization data
generator 512, the DMA controller 514, and the response
generator 516 can be implemented by hardware such as a
circuit or the function of a processor such as a hardware
processor having a loaded program.

The command interpretation unit 510 interprets the ini-
tialization command received from the command generator
500. The command interpreter 510 transmits 1mitialization
information to the DMA controller 514 according to the
interpreted initialization command. The mitialization infor-
mation includes, for example, information on the area of the
main memory 100 such as a start address of the area to be
initialized 1 the main memory 100 and an i1mitialization
length indicating the length of the area. The command
interpreter 510 transmits pattern information to the initial-
ization data generator 512 according to the interpreted
iitialization command. The pattern information includes,
for example, information such as an initialization method for
the type of mnitialization data written to the main memory
100 for mitialization.

The imitialization data generator 512 generates 1nitializa-
tion data representing a pattern for imitializing the main
memory 100, on the basis of the pattern information
received from the command interpreter 510. The initializa-
tion data generator 512 transmits the generated 1nitialization
data to the DMA controller 514.

The DMA controller 514 1nitializes the main memory 100
according to the mitialization command interpreted by the
command interpreter 510. The DMA controller 514 per-
forms write access to the main memory 100 and initializes
the device-used area 102 of the main memory 100 on the
basis of the mitialization information received from the
command interpreter 510 and the mnitialization data received
from the mitialization data generator 512. The DMA con-
troller 514 determines a success or failure of the initializa-
tion of the device-used area 102 and transmits a result of the
determination about the nitialization to the response gen-
erator 516.

The response generator 516 generates a response ndicat-
ing a success or failure of the mnitialization on the basis of the
initialization determination result received from the DMA
controller 514. The response generator 516 transmits the
generated response to the response interpreter 502.

FIG. 4 1s a diagram 1illustrating the mnitialization process-
ing to the main memory 100. The mmitialization nstructor
207 of the device controller 200 generates an 1mitialization
command and transmits the mitialization command to the
initializer 127 of the host controller 120. The mnitializer 127
performs write access to the main memory 100 and writes
initialization data to the main memory 100 for imtialization
on the basis of the content of the imitialization command.
The mitializer 127 generates a response according to a
success or a failure of the mitialization of the main memory
100 and transmits the response to the 1nitialization mstructor
207. The imtialization instructor 207 determines whether the
initialization of the main memory 100 has succeeded or
falled on the basis of the received response.

FIG. 5 1s a flowchart illustrating the mitialization pro-
cessing by the mitializer 127. As 1llustrated 1n FIG. 5, 1n the
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mitializer 127, first, the command interpreter 510 acquires
the initialization command generated and transmitted by the
command generator 500 of the 1nitialization 1nstructor 207
(S600). The command interpreter 510 interprets the 1nitial-
ization command (S610). For example, the command 1nter-
preter 510 interprets the mitialization command to acquire
the mmitialization information and the pattern mformation.

The command nterpreter 310 transmits the iitialization
information to the DMA controller 514 (5620). The com-
mand 1nterpreter 310 transmits the pattern information to the
initialization data generator 512 (5630). However, the com-
mand interpreter 510 can transmit a portion of the pattern
information to the DMA controller 514.

The 1nitialization data generator 512 generates initializa-
tion data on the basis of the pattern information received
from the command interpreter 510 and transmits the 1nitial-
1zation data to the DMA controller 514 (S640). However, the
initialization data generator 512 can receive a portion of the
pattern information from the DMA controller 514. The
DMA controller 514 1nitializes the area of the main memory
100 indicated by the mitialization mmformation transmitted
from the command iterpreter 510, using the mitialization
data transmitted from the imitialization data generator 512
(5650). The DMA controller 514 transmits a result of the
initialization, that 1s, success or failure, to the response
generator 516 (S660). The response generator 516 transmits
a response 1ndicating a success or failure of the mitialization
to the response interpreter 502 on the basis of the received
result (S670).

FIG. 6 1s a block diagram illustrating the structure of the
initializer 127. As illustrated in FI1G. 6, the imitialization data
generator 512 of the mitializer 127 includes a pattern rotator
530, an incrementer 532, an arnthmetic logic unit (ALU)
534, a shifter 536, a CPU 540 having a cache 538, and a
multiplexer (IMUX)5342. The functions of the pattern rotator
530, the incrementer 532, the ALU 534, the shifter 536, the
CPU 3540 having the cache 538, and the MUX 3542 will be
described below together with the corresponding nitializa-
tion commands.

FIGS. 7 to 13 are diagrams 1llustrating examples of the
packet structure of the 1nitialization command. In FIGS. 7 to
13, as for packets of the same content, only the content of an
initial packet will be described. In addition, for example, the
values of a later-described opcode and the initialization data
are represented 1n hexadecimal as “XXX ... XXh” using
“h”, represented 1n binary as “XXX ... XXb” using “b”, and
represented in decimal as “XXX . . . XX without using “h”
and “b”.

FIG. 7 1illustrates an example of the iitialization com-
mand generated by the mmitialization instructor 207 for
initialization with mitialization data having consecutive con-
stants. The mitialization command 1 FIG. 7 includes an
opcode (opcode), a start address, an imtialization length
(length), and a constant. Further, “reserved” 1s intended to
ensure the length of the initialization command and does not
indicate specific information.

The opcode indicates an 1mitialization command and an
initialization method. Therelfore, the opcode diflers depend-
ing on the imtialization command. In the example 1llustrated
in FIG. 7, the opcode “Oh™ indicates that the mnitialization
data 1s a pattern 1n which the same constants are consecutive.

The start address 1ndicates the initial address of the area
to be initialized 1n the device-used area 102 of the main
memory 100. The start address may 1nclude “start address
upper” and “start address lower”. The “start address upper”
indicates the upper side (for example, the upper 32 bits) of
the start address of the area to be imitialized. The “start
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address lower” indicates the lower side (for example, the
lower 32 bits) of the start address of the area to be 1nitialized.

The mitialization length indicates the length of the area to
be 1nitialized in the device-used area 102 of the main
memory 100. The mitialization length may iclude “initial-
ization length upper” (length upper) and “imtialization
length lower” (length lower). The “mmitialization length
upper’ indicates the upper side (for example, the upper 32
bits) of the iitialization length. The “initialization length
lower” indicates the lower side ({or example, the lower 32
bits) of the mitialization length.

The constant indicates a value written to the main
memory 100 for mitialization. For example, the constant 1s
consecutive “0Ob” or “1b”.

A description will be made on a receipt of the initializa-
tion command 1n FIG. 7 by the command interpreter 510
from the command generator 500. In this case, the command
interpreter 510 interprets the opcode “Oh™ 1n the mitializa-
tion command as the initialization method using the 1nitial-
ization data 1n which the same constants are consecutive.
The command mterpreter 510 transmuts the start address and
the mitialization length to the DMA controller 514. In
addition, the command interpreter 510 transmits, as the
initialization data, to the MUX 542, a pattern select indi-
cating that the initialization data 1n which the same constants
are consecutive and a constant serving as a predetermined
initial pattern on the basis of the interpreted i1mitialization

command. Note that the command interpreter 510 transmuits
the 1mitial pattern to the pattern rotator 330, the incrementer
532, the ALU 534, the shifter 536, and the CPU 540 1in
addition to the MUX 542. Therefore, the MUX 542 receives
the 1nitialization data from each of the pattern rotator 530,
the incrementer 532, the ALU 534, the shifter 536, and the
CPU 540.

The MUX 542 selects any one of the imitialization data
items according to the received pattern select and transmits
the selected mitialization data to the DMA controller 514. In
the example illustrated 1n FI1G. 7, the MUX 542 transmits the
iitialization data in which the constant 1s repeated and
which has been received as the mitial pattern, to the DMA
controller 514. The DMA controller 514 writes the 1nitial-
1zation data 1in which the same constants are consecutive, to
the area in the initialization length from the address of the
main memory 100 indicated by the start address. For
example, the DMA controller 514 writes, as the imtialization
data, a sequence ol 64 consecutive “Ob”’s, “000 . . . Ob” or
a sequence of 64 consecutive “1b”’s, “111 ... 1b” to imitialize
the area. However, 1n hexadecimal, 64 consecutive “Obs”,
“000 . .. 0Ob” 1s represented as a sequence of eight consecu-
tive “Oh”’s, “00000000h”. Also, 1n hexadecimal, 64 consecu-
tive “1b”s, “111 . . . 1b” represented as eight consecutive
“Fh”’s, “FFFFFFFFh”. When the main memory 100 1s 1ni1-
tialized, the DMA controller 514 transmits the eflect that the
main memory 100 has been initialized to the response
generator 316. The response generator 516 generates a
response indicating the success of the mitialization of the
main memory 100 and transmits the response to the response
interpreter 502. The response interpreter 502 interprets the
response and recognizes that the imitialization has suc-
ceeded.

FIG. 8 illustrates an example of the iitialization com-
mand generated by the mmitialization instructor 207 for
initialization with mitialization data 1n which the same mitial
pattern 1s repeated. The mitialization command illustrated in
FIG. 8 includes an opcode, a pattern length, a start address,
an 1nitialization length (length), and an 1nitial pattern.
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The opcode “1h™ 1n FIG. 8 indicates that the initialization
data shows a pattern 1n which the same 1nitial pattern is
repeated.

The pattern length indicates the number of valid bits 1n a
pattern area of the imtial pattern. For example, when the
pattern area of the mitial pattern 1s 64 bits and the pattern
length indicates any value from 1 to 64, the value of the area
in the pattern length from the lower side of the pattern area
of the 64-bit mitial pattern 1s the valid bit of the initial
pattern. The area of the main memory 100 corresponding to
a non-valid bit areca of the 64-bit 1mitial pattern retains
original data.

The mitial pattern 1s a repetitive pattern, that 1s, a unit
pattern. For example, the 1mtial pattern 1s
“0123456789 ABCDEFh”. The 1nitial pattern may include
“mitial pattern upper” which indicates the upper side (for
example, the upper 32 bits) of the initial pattern and *“initial
pattern lower” which indicates the lower side (for example,
the lower 32 bits) of the initial pattern.

When receiving the imitialization command 1llustrated 1n
FIG. 8, the command interpreter 510 interprets the opcode
“1” 1n the command as the 1nmitialization method using the
initialization data in which the mitial pattern 1s repeated. The
command interpreter 510 transmits the start address and the
initialization length to the DMA controller 514. In addition,
the command interpreter 510 transmits a pattern select
indicating that the mitialization data 1s a pattern in which the
initial pattern 1s repeated and the mitial pattern to the MUX
542 on the basis of the interpreted mitialization command.

The MUX 542 sclects any one of the mitialization data
items according to the received pattern select and transmits
the selected mitialization data to the DMA controller 514. In
the example 1llustrated 1n FIG. 8, the MUX 342 repeatedly

transmits the received initial pattern as the mitialization data
to the DMA controller 514 a plurality of times. The DMA

controller 514 writes the mnitialization data in which the
initial pattern 1s repeated, to the area 1n the mitialization
length from the address of the main memory 100 indicated
by the start address to initialize the main memory 100. For
example, when the valid bits of the initial pattern are
“0123456789ABCDFEFh”, the DMA controller 514 writes,
to the main memory 100, the imtialization data in which
“0123456789 ABCDEFh™ 1s continuously repeated.

FIG. 9 illustrates an example of the mnitialization com-
mand generated by the mitialization instructor 207 for
initialization with 1mtialization data including a wvalue
obtained by incrementing the imitial pattern. The mnitializa-
tion command 1illustrated 1n FIG. 9 includes an opcode, a
pattern length, a start address, an initialization length
(length), and an 1nitial pattern.

The opcode “2h” 1n FIG. 9 indicates that the initialization
data 1s a pattern 1n which the values obtained by increment-
ing the inmitial pattern are consecutive.

When receiving the imtialization command illustrated 1n
FIG. 9, the command interpreter 510 interprets the opcode
“2h” 1n the command as the mitialization method using
initialization data in which the values obtained by incre-
menting the 1nitial pattern by 1 are consecutive. The com-
mand interpreter 510 transmits the start address and the
initialization length to the DMA controller 514.

In addition, the command 1nterpreter 510 transmits, to the
MUX 542, a pattern select indicating that the mitialization
data 1s a pattern 1n which the values obtained by increment-
ing the initial pattern are consecutive, on the basis of the
interpreted initialization command. The command inter-
preter 510 transmits the initial pattern to the incrementer

332.
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The incrementer 532 sequentially transmits a plurality of
consecutive values, which are obtained by incrementing the
initial pattern by 1 a plurality of times, as the imtialization
data to the MUX 542. For example, when the 1nitial pattern
1s ““0000000000000000h”, the incrementer 532 sequentially
transmits *“0000000000000000hL™, “0000000000000001h™,
“0000000000000002h™, . . . to the MUX 542.

The MUX 542 selects any one of the imitialization data
items according to the received pattern select and transmits
the selected mnitialization data to the DMA controller 514. In
the example 1llustrated 1n FIG. 9, the MUX 542 sequentially
transmits a plurality of values, which are obtained by
incrementing the initial pattern received from the incre-
menter 532, as the mitialization data to the DMA controller
514. The DMA controller 514 writes the initialization data 1n
which the incremented values are consecutive, to the area 1n
the i1mtialization length from the address of the main
memory 100 indicated by the start address to initialize the
main memory 100. For example, the DMA controller 514
sequentlally writes the values “00 . . . Oh”, “00 . . . 1h”,
“00...2h7, ... asthe mitialization data to the main memory
100.

FIG. 10 illustrates an example of the mitialization com-
mand generated by the mmitialization instructor 207 for
mitialization with 1nitialization data including a value
obtained by adding an addition value to the initial pattern.
The mitialization command illustrated 1n FIG. 10 includes
an opcode, a pattern length, a start address, an 1mitialization
length (length), an 1nitial pattern, and an addition value
(adder).

The opcode “3h™ 1n FIG. 10 indicates that the mitializa-
tion data 1s a pattern including a value obtained by adding
the addition value to the initial pattern.

The addition value indicates a value added to the initial
pattern. The addition value may include “addition value
upper”’ (adder upper) and “addition value lower” (adder
lower). The “addition value upper” indicates the upper side
(for example, the upper 32 bits) of the addition value. The
“addition value lower™ indicates the lower side (for example,
the lower 32 bits) of the addition value.

When receiving the mitialization command 1illustrated in
FIG. 10, the command interpreter 510 interprets the opcode
“3h” 1n the command as the mmitialization method using
initialization data including the value obtained by adding the
addition value to the initial pattern. The command inter-
preter 510 transmits the start address and the 1nitialization
length to the DMA controller 514. In addition, the command
interpreter 510 transmuits, to the MUX 342, a pattern select
indicating that the imitialization data 1s a pattern including
the value obtained by adding the addition value to the nitial
pattern, on the basis of the interpreted initialization com-
mand. The command interpreter 510 transmits the initial
pattern and the addition value to the ALU 3534.

The ALU 3534 sequentially transmits the values obtained
by adding the addition value to the initial pattern a plurality
of times, as the initialization data to the MUX 542. For
example, when the 1nitial pattern 1s “0000000000000000h™
and the addition value 1s “1000h”, the ALU 534 sequentially
transmits  “0000000000000000h™, “00000000000010007,
“0000000000002000n™, . . . to the MUX 542.

The MUX 542 selects any one of the imitialization data
items according to the received pattern select and transmits
the selected mnitialization data to the DMA controller 514. In
the example 1llustrated 1n FIG. 10, the MUX 3542 transmits
the mni1tialization data received from the ALU 534, including,
the value obtained by adding the addition value to the nitial

pattern, to the DMA controller 514. The DMA controller 514
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writes the 1initialization data in which the values obtained by
adding the addition value to the 1nitial pattern are consecus-
tive, to the area 1n the mitialization length from the address
of the main memory 100 indicated by the start address to
initialize the main memory 100. For example, the DMA
controller 514 sequentially writes the values “00 . . . 0000h”,
“00...1000h”, “00...2000h”, ... as the initialization data
to the main memory 100.

FIG. 11 illustrates an example of the mitialization com-
mand generated by the mmitialization instructor 207 for
initialization with 1mtialization data including a value
obtained by shifting the value in the mitial pattern. The
initialization command 1llustrated in FIG. 11 includes an
opcode, a pattern length, a shift direction, a start address, an
initialization length (length), an mitial pattern, and a shait
number.

The opcode “4h” 1n FIG. 11 indicates that the mitializa-
tion data 1s a pattern including a value obtained by shifting
the value 1n the 1mitial pattern.

The shift direction indicates the direction 1n which the
value 1n the mnitial pattern 1s shifted, that 1s, a left direction
(high-order digit) or a right direction (lower-order digit). For
example, 1t can be set that the shift direction “Ob” indicates
the left direction and “1b” 1ndicates the right direction.

The shift number represents by a bit number that the value
in the 1nitial pattern 1s shifted 1n a direction indicated by the
shift direction. For example, the shift number 1s one of the
numbers “1” to “63”.

When receiving the imtialization command illustrated 1n
FIG. 11, the command interpreter 510 zinterprets the opcode
“4h” 1n the command as the mmtialization method using
initialization data including a value obtained by shifting the
value 1n the imitial pattern. The command interpreter 510
transmits the start address and the initialization length to the
DMA controller 514.

In addition, the command 1nterpreter 510 transmiuts, to the

MUX 3542, a pattern select indicating that the mitialization
data 1s a pattern including the value obtained by shifting the
value 1n the mnitial pattern, on the basis of the interpreted
initialization command. The command interpreter 510 trans-
mits the initial pattern, the shift number, and the shiit
direction to the shifter 536.
The shifter 536 sequentially transmits values obtained by
shifting a certain value (for example, “1”) i1n the 1nitial
pattern by the shift number, as the mitialization data to the
MUX 542. For example, when the imtial pattern 1is
“0000000000000001h”, the shaft direction 1s “Ob™ indicating
the left direction, and the shift number 1s “4”, the shifter 536
sequentially transmits the values “0000000000000001h”,
“0000000000000010h”, “0000000000000100h™, . . . to the
MUX 542.

The MUX 542 selects any one of the mitialization data
items according to the received pattern select and transmits
the selected iitialization data to the DMA controller 514. In
the example illustrated 1n FIG. 11, the MUX 542 transmits
the 1nitialization data received from the shifter 536, includ-
ing the value obtained by shifting the 1nitial pattern, to the
DMA controller 514. The DMA controller 514 writes the
initialization data in which the values obtained by shifting
the 1nitial pattern are consecutive, to the area 1n the 1nitial-
ization length from the address of the main memory 100
indicated by the start address to mitialize the main memory
100. For example, the DMA controller 514 sequentially
writes the values “00 . . . 001h”, “00 . . . 010h”, “00 . ..
100h™, . . . as the imtialization data to the main memory 100.

FIG. 12 1llustrates an example of the imitialization com-
mand generated by the mitialization instructor 207 for
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mitialization with mmitialization data including a wvalue
obtained by performing an operation on the initial pattern by
an algorithm. The mitialization command 1llustrated 1n FIG.
12 includes an opcode, a pattern length, a start address, an
initialization length (length), an 1nitial pattern, an algorithm
base address, and an algorithm length. For example, the
algorithm 1s stored in the main memory 100 1n advance by
the memory system 2.

The opcode “5h™ 1n FIG. 12 indicates that the initializa-
tion data 1s a pattern including a value obtained by perform-
ing an operation on the initial pattern by the algorithm.

The algorithm base address indicates the address of the
algorithm stored in the main memory 100. The algorithm
base address may include “‘algorithm base address upper”
and “algorithm base address lower”. The “algorithm base
address upper” indicates the upper side (for example, the
upper 32 bits) of the start address of the area of the main
memory 100 i which the algorithm 1s stored. The “algo-
rithm base address lower” indicates the lower side (for
example, the lower 32 bits) of the start address of the area
of the main memory 100 1n which the algorithm 1s stored.

The algorithm length indicates the length of the area of the
main memory 100 in which the algorithm 1s stored.

When recerving the imitialization command 1llustrated in
FIG. 12, the command interpreter 510 interprets the opcode
“Sh” 1n the command as the mitialization method using
initialization data including a value obtained by performing
an operation on the 1mtial pattern. The command interpreter
510 transmits a pointer of the algorithm including the start
address, the initialization length, the algorithm base address,
and the algorithm length to the DMA controller 514. In
addition, the command interpreter 510 transmits, to the
MUX 542, a pattern select indicating that the 1mitialization
data 1s a pattern including the value obtained by performing
the operation on the imtial pattern, on the basis of the
interpreted 1nitialization command.

The DMA controller 514 acquires an algorithm from the
main memory 100 on the basis of the algorithm base address
and algorithm length of the pointer. The DMA controller 514
transmits the acquired algorithm to the CPU 540.

The CPU 3540 stores the algorithm received from the
DMA controller 514 1n the cache 338. The CPU 540
transmits, as the mitialization data, the value obtained by
performing the operation on the nitial pattern by the algo-
rithm from the cache 538 to the MUX 342. For example, the
CPU 3540 transmits a value obtained by dividing the initial
pattern by 7 and adding a value twice the 1initial pattern to the
remainder of the division by the algorithm, as the initial-
ization data to the MUX 542. Then, the CPU 540 repeatedly
obtains the value by dividing the previous initialization data
transmitted to the MUX 3542 by 7 and adding a value twice
the 1mtial pattern to the remainder of the division and
transmits the obtained value as new 1nitialization data to the
MUX 542.

The MUX 542 selects any one of the mitialization data
items according to the received pattern select and transmits
the selected initialization data to the DMA controller 514. In
the example 1llustrated 1n FIG. 12, the MUX 3542 transmits
the mitialization data received from the CPU 540, including
the value obtained by performing the operation on the nitial
pattern, to the DMA controller 514. The DMA controller 514
sequentially writes the mitialization data including the value
obtained from the operation on the 1mitial pattern, to the area
in the mitialization length from the address of the main
memory 100 indicated by the start address to mitialize the
main memory 100.
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FIG. 13 illustrates an example of the 1mitialization com-
mand generated by the imitialization instructor 207 ifor
initialization with 1mtialization data including a wvalue
obtained by repeating a plurality of repetitive patterns. The
initialization command 1illustrated 1n FIG. 13 includes an
opcode, a pattern length, the number of repetitions (repeti-
tion ), the number of patterns, a start address, an initialization
length (length), and a plurality of repetitive patterns (pattern
1, pattern 2, . . . , pattern n).

The opcode “6h” 1 FIG. 13 indicates that the mitializa-
tion data 1s a pattern including a value obtained by repeating
a plurality of repetitive patterns.

The number of repetitions 1ndicates the number of rep-
ctitions 1n each repetitive pattern. Thus, when the number of
repetitions 1s 2, the repetitive pattern “pattern 17 1s repeated
twice and then the repetitive pattern “pattern 2™ 1s repeated
twice. This operation 1s repeated up to the repetitive pattern
“pattern n” to generate 1nitialization data. When the repeti-
tion of the last repetitive pattern “pattern n” 1s completed,
the repetitive pattern “pattern 17 1s used again.

The number of patterns indicates the number of repetitive
patterns. For example, the number of patterns 1s represented
by 8 bits. That 1s, the number of patterns indicates 1 to 255.
However, when the number of patterns 1s O, 1t indicates
“reserved”.

The repetitive pattern 1s a predetermined constant such as
“0000 . . . Oh”, 1111 . . . 1h”, or “FFFF . . . Fh”. The
repetitive pattern may include “repetitive pattern upper” and

“repetitive pattern lower”. The “repetitive pattern upper”
indicates the upper side (for example, the upper 32 bits) of
the repetitive pattern. The “repetitive pattern lower” 1ndi-
cates the lower side (for example, the lower 32 bits) of the
repetitive pattern.

When receiving the imitialization command 1llustrated 1n
FIG. 13, the command 1nterpreter 510 interprets the opcode
“6h” 1 the command as the initialization method waith
initialization data including a value obtained by repeating a
plurality of repetitive patterns. The command interpreter 510
transmits the start address and the initialization length to the
DMA controller 514. In addition, the command interpreter
510 transmits, to the MUX 3542, a pattern select indicating
that the mitialization data 1s a pattern including the value
obtained by repeating a plurality of repetitive patterns, on
the basis of the interpreted initialization command.

The command interpreter 510 transmits the number of
repetitions and the number of repetitive patterns indicated by
the number of patterns to the pattern rotator 530. The
command interpreter 510 transmits a basic pattern “pattern
17 among the plurality of repetitive patterns as an 1nitial
pattern to the pattern rotator 530.

The pattern rotator 530 generates initialization data on the
basis of the number of repetitions and the plurality of
repetitive patterns received from the command interpreter
510, and transmits the 1mitialization data to the MUX 542.
For example, the number of repetitions 1s set to “27, the
repetitive pattern “pattern 17 1s set to “00 . . . 00h”, and the
repetitive pattern “pattern 27 1s set to “11 . . . 11h”. Herein,
the pattern rotator 530 sequentially transmits the values
“00 ...00n”, “11 ... 11h”, . .. 1 which each repetitive
pattern 1s repeated twice as the mitialization data to the
MUX 542.

The MUX 542 selects any one of the mitialization data
items according to the received pattern select and transmits
the selected initialization data to the DMA controller 514. In
the example 1llustrated 1n FIG. 13, the MUX 342 transmits
the mitialization data received from the pattern rotator 530,
including the value obtained by repeating a plurality of
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repetitive patterns, to the DMA controller 514. The DMA
controller 514 sequentially writes the imitialization data
including the value obtained by repeating the repetitive
patterns to the area in the mitialization length from the
address of the main memory 100 indicated by the start
address to 1nitialize the main memory 100.

As described above, the memory system 2 of the infor-
mation processing device according to the embodiment
generates an initialization command to istruct the initial-
ization of the main memory 100 and transmits the initial-
ization command to the host 1. Thereby, the memory system
2 1s able to increase an 1nitialization speed while reducing
the amount of data transmitted for the initialization.

In the memory system 2 the mitialization command can
contain the operand indicating the initialization method with
any one of a plurality of kinds of 1nitialization data. Thereby,
the main memory 100 can be mitialized by selecting one of
the kinds of initialization data.

The memory system 2 can initialize the main memory
100, using the 1initialization data in which the constant “Ob”’s
or “1b”’s 1s continuously repeated. Therefore, the memory
system 2 can generate the mitialization command including
the value of the mitialization data together with the operand
indicating the 1nitialization method. As a result, the memory
system 2 1s able to further reduce the amount of data in the
initialization command.

The memory system 2 can initialize the main memory
100, using the mitialization data in which the same 1nitial
pattern 1s repeated. The memory system 2 generates the
initialization command containing the nitial pattern to be
repeated together with the operand indicating the initializa-
tion method. Thereby, the memory system 2 1s able to
initialize the main memory, using the imtialization data
including different values not only the same value, while
reducing the amount of data 1n the imitialization command.

The memory system 2 can initialize the main memory
100, using the imtialization data including the value
obtained by incrementing the initial pattern. The memory
system 2 generates the mmitialization command containing
the initial pattern together with the operand indicating the
initialization method. Thereby, the memory system 2 1s able
to mitialize the main memory, using the 1itialization data in
which different values continuously incremented are con-
secutive, while reducing the amount of data in the nitial-
1zation command.

The memory system 2 can initialize the main memory
100, using the imtialization data including the wvalue
obtained by adding the addition value to the nitial pattern.
The memory system 2 generates the mitialization command
including the initial pattern and the addition value together
with the operand indicating the nitialization method.
Thereby, the memory system 2 1s able to mnitialize the main
memory, using the immitialization data 1n which mutually
different values resulting from the addition are consecutive,
while reducing the amount of data in the imtialization
command.

The memory system 2 can initialize the main memory
100, using the i1mtialization data including the wvalue
obtained by shifting the initial pattern. The memory system
2 generates the mitialization command including the mitial
pattern, the shift direction, and the shift number together
with the operand indicating the mitialization method.
Thereby, the memory system 2 1s able to mnitialize the main
memory, using the imitialization data 1n which mutually
different values shifted by the shift number 1n the shait
direction are consecutive, while reducing the amount of data
in the mitialization command.
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The memory system 2 can initialize the main memory
100, using the mmitialization data including the wvalue
obtained by performing the operation on the 1nmitial pattern
by the algorithm. The memory system 2 generates the
initialization command containing the initial pattern and
information about the algorithm together with the operand
indicating the imnitialization method. Thereby, the memory
system 2 1s able to imitialize the main memory, using the
initialization data i which the values calculated by the
algorithm with a higher degree of freedom are consecutive,
while reducing the amount of data in the mnitialization
command.

The memory system 2 can initialize the main memory
100, using the mitialization data containing the value
obtained by repeating different repetitive patterns. The
memory system 2 generates the initialization command
containing the initial pattern, and the different repetitive
patterns together with the operand indicating the initializa-
tion method. Thereby, the memory system 2 1s able to
initialize the main memory, using the imtialization data
including the value obtained by repeating the different
repetitive patterns, while reducing the amount of data 1n the
initialization command.

The host 1 of the information processing device according,
to the embodiment mmitializes the main memory 100 in
response to the mitialization command received from the
memory system 2. Therefore, the host 1 can increase the
iitialization speed while reducing the amount of data
received for imtialization. The host 1 interprets the type of
initialization data to initialize the main memory 100, thereby
improving the degree of freedom in initialization.

While the embodiment of the invention has been
described, the embodiment has been presented by way of
example only, and 1s not intended to limit the scope of the
invention. Indeed, the novel embodiment described herein
may be embodied 1n a varniety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the mventions.

For example, the function and connection relationship of
cach component in the above-described embodiment may be
appropriately changed. In addition, the order of the opera-
tions in the above-described embodiment may be appropri-
ately changed.

The internal structure of the mitialization data generator
512 1n the above-described embodiment may be appropri-
ately changed. For example, any one of the pattern rotator
530, the incrementer 532, the ALU 534, the shifter 536, and
the CPU 540 may be omissible.

What 1s claimed 1s:

1. A memory system comprising:

an 1ntertace connected to a host including a main memory

and a processor to control the main memory; and

a control circuit that generates an 1nitialization command

among a plurality of initialization commands and trans-
mits the generated mnitialization command to the host,
the mitialization command representing a command for
instructing the host to execute mitialization of the main
memory and indicating an initialization method among
a plurality of mitialization methods for the main
memory, the mitialization method corresponding to a
pattern of mitialization data,

wherein the mitialization command generated by the

control circuit indicates the mitialization method using




US 10,042,648 B2

17

initialization data including a value obtained by any
one of incrementing a predetermined nitial pattern,
adding a predetermined addition value to a predeter-
mined initial pattern, shifting a value 1n a predeter-
mined 1nitial pattern, or performing an operation on a
predetermined 1nitial pattern by a predetermined algo-

rithm.

2. The memory system according to claim 1,

wherein the control circuit receives a response imdicating
a success or failure of the initialization from the host
and 1nterprets the success or failure of the mitialization.

3. The memory system according to claim 1,

wherein the control circuit generates an imtialization
command indicating the initialization method using

initialization data 1n which a constant 1s repeated.

4. The memory system according to claim 1,

wherein the control circuit generates an imtialization
command indicating the initialization method using
initialization data 1n which a predetermined 1nitial
pattern 1s repeated.

5. The memory system according to claim 1,

wherein the control circuit generates an imtialization
command indicating the initialization method using
initialization data including a value obtained by repeat-
ing a plurality of predetermined repetitive patterns.

6. An electric device comprising;:

a main memory; and

a control circuit that receives an initialization command
among a plurality of imitialization commands from a
memory system, interprets the received initialization
command, the mitialization command representing a
command for instructing the host to execute 1nitializa-
tion of the main memory and indicating an 1mitialization
method among a plurality of mitialization methods for
the main memory, the mitialization method correspond-
ing to a pattern of mitialization data, and 1nmitializes the
main memory by a pattern among a plurality of pat-
terns, indicated by the interpreted imitialization com-
mand,

the electric device further comprising

an 1nitialization data generator that generates 1nitialization
data including a value obtained by any one of incre-
menting a predetermined 1nitial pattern, adding a pre-
determined addition value to a predetermined initial
pattern, shifting a value in a predetermined initial
pattern, or performing an operation on a predetermined
initial pattern by a predetermined algorithm, according
to the 1mitialization method interpreted by the control
circuit.
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7. The electric device according to claim 6,

wherein the control circuit generates a response indicating
a success or failure of the initialization according to the
result of the mitialization and transmits the generated
response.

8. The electric device according to claim 6:

wherein the mnitialization data generator generates initial-
ization data 1n which a constant 1s repeated, according,
to the mitialization method interpreted by the control
circuit.

9. The electric device according to claim 6:

wherein the initialization data generator generates initial-
1zation data 1n which a predetermined itial pattern 1s
repeated, according to the initialization method inter-
preted by the control circuit.

10. The electric device according to claim 6:

wherein the mitialization data generator generates 1nitial-
1zation data including a value obtained by repeating a
plurality of predetermined repetitive patterns, accord-
ing to the mmitialization method interpreted by the
control circuit.

11. An information processing device comprising:

a memory system including

an interface connected to an electric device, and

a first control circuit that generates an 1nitialization com-
mand among a plurality of imitialization commands and
transmits the generated initialization command to the
clectric device, the mitialization command representing,
a command 1nstructing the electric device to execute
initialization of the main memory and indicating an
initialization method among a plurality of mitialization
methods for the main memory, the initialization method
corresponding to a pattern of mitialization data, and

the electric device including

a main memory, and

a second control circuit that interprets a recerved 1nitial-
1ization command indicating the initialization method,
and 1nitializes the main memory by a pattern among a
plurality of patterns indicated by the interpreted 1nitial-
1zation command,

wherein the mnitialization command generated by the first
control circuit indicates the mitialization method using
iitialization data including a value obtained by any
one of incrementing a predetermined initial pattern,
adding a predetermined addition value to a predeter-
mined initial pattern, shifting a value 1n a predeter-
mined 1nitial pattern, or performing an operation on a
predetermined initial pattern by a predetermined algo-

rithm.
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